Abstract. An overview of latest ATLAS measurements of top pair (tt) production in proton-proton collisions at the LHC at centre-of-mass energies of 7 and 8 TeV is presented. Measurements of the tt production cross section (σ tt ) in various decay channels, including analyses of differential σ tt distributions and a study of jet multiplicity in tt production, as well as searches for tt resonances using boosted top techniques and standard methods, are discussed.
Introduction
To date, in pp collision data at the center-of-mass energies of √ s = 7 TeV and √ s = 8 TeV, the CERN Large Hadron Collider (LHC) has successfully delivered two orders of magnitude more top quarks than the Fermilab Tevatron Collider. The top-antitop (tt) cross section (σ tt ) precision measurements test the Standard Model (SM) [1] theoretical predictions, which nowadays have percent level accuracy [2] . Differential measurements of tt production are especially important for discrimination between different Monte Carlo generators, QCD models and parton distribution functions (PDFs). In addition, future top quark studies will become the best way to constrain systematics on b-tagging as well as c/b-jet energy scales. On top of that, tt events are an important background in various Higgs boson analyses as well as beyond the SM searches, and it is therefore crucial to understand this process in detail. New physics [3, 4] can affect both the tt production and decay, modifying the observed σ tt differently in different decay channels and/or affecting differential distributions. In this scenario, it is critical to correctly evaluate all the contributions from SM processes, hence the backgrounds are determined using data-driven techniques whenever possible [5] . In these proceedings an overview of latest ATLAS [6] measurements of tt production at the LHC at centre-of-mass energies of 7 and 8 TeV is presented.
2 σ tt in τ had + jets channel at √ s = 7 TeV
In the τ had + jets channel, one of the top quarks t → Wb decays produce a tau lepton which then decays hadronically, a b-quark and a neutrino, and the other top quark decays hadronically. This study [7] provides the first measurement of the top quark pair cross section in this a e-mail: loginov@fnal.gov The n track distribution for τ had candidates after all selection cuts [7] . The black circles correspond to data, while the solid histogram is the result of the fit. The red, blue and magenta dashed curves show the fitted contributions from tau and electron "signal", and the multijets and combinatorics backgrounds, respectively.
channel. In addition, the final state is highly relevant for searches beyond the SM. For instance, an enhanced branching fraction in this channel can be a sign of t → bH
Trigger requirements for the analysis are ≥ 4 jets with E T > 10 GeV (≥ 2 should be identified as b-jets by the High Level Trigger). The offline event selection requires ≥ 5 jets, including ≥ 2 b-jets selected with a tagger operating at 60% efficiency (which corresponds to light flavor jets rejection of 340), and missing transverse momentum (E miss T ) satisfying E miss T /(0.5 × √ ΣE T ) > 8, where ΣE T is is the scalar sum of the transverse energy of all objects entering the E miss T calculation; events with electrons and muons are excluded from the analysis. The 3 jets (including the b-jet with the highest b-tagging weight), that give the highest j jb transverse momentum (p T ) are identified as coming from t → Wb → j jb. The remaining non-b highest p T jet with p T > 40 GeV and |η| < 2.5 is the hadronic τ candidate. For the τ had candidate a variable n track = n 1 + n 2 is defined, where n 1 is the number of 'inner' tracks with ∆R(track, τ had ) < 0.2, track p T > 1 GeV; and n 2 is the number of 'outer' tracks in 0.2 < ∆R(track, τ had ) < 0.6, track p T > 0.5 GeV. This variable provides decent separation between a real τ had and multijet background.
To extract the signal from the n track distribution, the data sample is fitted with three templates, as shown in Fig. 1 : a tau and electron template (real electrons from tt events, either prompt or from leptonic tau decays, contribute significantly to the signal region); a multijets template (gluon-initiated fake taus from multijets); and a combinatorics template (quark-initiated fake taus from ttbar). Then a τ/(τ + e) ratio correction is done using Monte Carlo simulation, and the resulting cross section is σ tt = 200 ± 19 (stat) ± 43 (syst) pb. Dominant systematics for the analysis are initial and final state radiation, ISR/FSR (12%) and b-jet tagging (10%) uncertainties.
σ tt in lepton + jets channel at √ s = 8 TeV
This analysis [9] is based on the lepton + jets final state, where one of the W bosons decays leptonically (W → eν or W → µν), while the other decays hadronically (W → j j). The selection criteria are similar to those used for the σ tt measurement at 7 TeV with a few improvements to cope with harsher pile-up conditions. For example, the lepton p T cut is raised to 40 GeV, and the jet vertex fraction (a variable that quantifies the fraction of track transverse momentum associated to a jet that comes from the hard-scattering interaction) > 0.5 requirement is added to suppress jets originating from pile-up collisions.
A multivariate likelihood method is used to provide signal-to-background discrimination using lepton pseudorapidity and transformed event aplanarity, A ′ = exp(−8A), where A is event aplanarity, as shown in Fig. 2 . The number of tt events in data is determined from a fit to a distribution of the multivariate likelihood discriminant in data. The resulting cross section is σ tt = 241 ± 2 (stat.) ± 31 (syst.) ± 9 (lumi.) pb is in good agreement with theoretical predictions, σ theory tt = 238 +22 −24 pb. The dominant systematic uncertainty is modelling of the tt signal in Monte Carlo as shown in Table 1 . system. Events consistent with the top pair hypothesis, as defined by a kinematic likelihood fit of the tt system, are used. The differential cross sections are normalized to the total tt production cross section. To enable direct comparisons to theoretical models, the differential distributions are unfolded to account for detector effects and corrected for acceptance effects as shown in Fig. 3 . Bin sizes are optimized to be as small as possible without substantially increasing the total uncertainty after unfolding. The uncertainties of the measurements are dominated by systematics, which are propagated using pseudo-experiments. [10] . The relative cross section is compared to the NLO prediction from MCFM [11] . For m tt the results are also compared with the NLO+NNLL prediction [12] . The measured uncertainty represents 68% confidence level including both statistical and systematic uncertainties. The bands represent theory uncertainties.
Jet-related uncertainties are dominant for m tt and p T,tt , whereas for y tt the dominant contributions are from fake leptons and FSR in addition to the jet uncertainties.
Jet multilplicity in tt events
A measurement of tt production with additional jets, as a function of the jet transverse momentum, is important for constraining models of initial and final state radiation at the scale of the top quark mass, as well as to provide a test of perturbative QCD in the LHC energy regime. The analysis [13] is done in the lepton + jets channel with the event selection similar to the one outlined in Sect. 4. Jet multiplicity measurements are then performed for four jet p T thresholds (25, 40, 60, and 80 GeV) after correction for detector efficiencies, resolution effects and biases, through unfolding, as shown in Fig. 4 . The measurements are presented within a kinematic range corresponding to the acceptance of the reconstruction-level event selection. The uncertainty of the measurements is dominated by systematics in all regions. Systematic uncertainties are propagated through unfolding using pseudo-experiments. The unfolded data distributions are compared to various Monte Carlo simulation models.
ISR/FSR variations are implemented by changing the α s (setting the ktfac parameter to 0.5 and 2.0) within the ALPGEN matrix element calculation, while keeping the α s used for the PDF and parton shower fixed. The variations are referred to as α s -up (ktfac 0.5) and α s -down (ktfac 2.0) variations. Based on this comparison, MC@NLO + HERWIG as well as ALGPEN+PYTHIA with α s -up variation are disfavored by data as shown in Fig. 4 .
tt resonances
The analyses in this section present the results of a search for resonant production of heavy new particles decaying to top quark pairs in lepton + jets and all-hadronic channels. Many new physics scenarios predict the existence of heavy particles that decay to top quark pairs. Limits are set for two distinct classes of models, namely for Z ′ bosons (narrow tt resonances) [14] and for Kaluza-Klein gluons (wide tt resonances) [15] . The boosted reconstruction technique employed in the analyses is especially important for high invariant mass tt resonances as the top quark decay products become more collimated and start to merge.
Lepton + jets channel
This search uses a combination of resolved and boosted reconstruction schemes. In the resolved reconstruction, the standard ATLAS lepton+jets event selection is used. For the boosted reconstruction sample, the three narrow jets from the hadronic top quark decay are expected to merge into one 'fat' jet. Therefore, the data sample used for . The shaded areas indicate the total systematic uncertainties boosted reconstruction was collected with a single largeradius (R = 1.0) jet trigger with transverse momentum threshold of 240 GeV. Offline selection requires one highp T anti-k t [21] jet with ∆R = 1.0, p T > 350 GeV and a mass larger than 100 GeV. Additionally, because the angular distance between the charged lepton and the b-quark decreases as the top quark is boosted more, an isolation requirement with shrinking cone size ('mini-isolation') is used for leptons [22] . The resolved and boosted selections are kept exclusive so that limits can be set on the combined result. Selected data events and expected background yields after the resolved or boosted selections are summarized in Table 2 . Figure 5 shows the resulting m tt distributions for the combined resolved and boosted selections for the sum of electron and muon channels. The dominant systematic uncertainty comes from the jet energy scale. The existence of a narrow leptophobic topcolor Z ′ in the range 0.5 TeV < m Z ′ < 1.7 TeV is excluded at 95% Confidence Level (CL). A wide Kaluza-Klein (KK) gluon for masses between 0.7 TeV and 1.9 TeV is also excluded at 95% CL. [16, 17] that tests the substructure of a jet reconstructed with the Cambridge / Aachen (C/A) algorithm [18] with ∆R = 1.5 for its compatibility with a hadronic top quark decay. This method is efficient for jets with p T > 200 GeV, and it works by forming subjets in the bigger ∆R = 1.5 fat jet, removing soft contamination, and then reconstructing t → Wb → bqq decay products and testing compatibility of subjets with the W boson and top quark decays. The candidate top jet mass cut used for the method is 140-210 GeV.
The second method is the Top Template Tagger algorithm [19, 20] that compares templates of boosted top quark decays to the observed energy deposits to find the best match. The Top Template Tagger uses jets reconstructed with the anti-k t algorithm with a distance parameter of ∆R = 1.0 and is optimised to identify top quarks with p T > 500 GeV. The candidate top jet mass cut used for the method is 122-222 GeV. For the HEPTopTagger, to avoid relying on a particular topology, the trigger is a) at least 1 jet with E T > 100 GeV and large ΣE T OR b) at least 5 jets with E T > 50 GeV. For the Top Template Tagger, the events are selected by the trigger that requires one anti-k t ∆R=1.0 jet with E T > 240 GeV. For the event selection, at least two fat jets are required for both algorithms. For the HEPTopTagger the jet p T is required to be greater than 200 GeV, while for the Top Template Tagger the leading (subleading) jet p T is required to be greater than 500 (450) GeV. Additionally, at least two b-tagged anti-k t ∆R = 0.4 jets within 1000 1500 2000 2500 3000 The results obtained with the two methods are shown in Fig. 6 together with a hypothetical Z ′ signal with m Z ′ = 1 TeV (a) and a hypothetical KK gluon signal with m KKg = 1.6 TeV (b). To combine the limits from these two analyses, the results from the tagger with the lower expected exclusion limit are selected, as summarized in Table 3 .
Summary
To summarize, LHC keeps providing top quarks in unprecedented quantities, which allows detailed precision measurements and detailed studies. Top quark physics at LHC is a crucial milestone in both measuring the properties of the top quark, the heaviest particle discovered so far, and in searches for heavy mass physics beyond the Standard Model, to which the top quark pair production process is often an important background.
